UNCLASSIFIED 


dtp/ioduced 
if  Ui» 


ARMED  SERVICES  TECHNICAL  INFORMAIM  AGENCY 
ARLINGTON  HAU  STAIIQN 
ARLINGTOI 12,  VIRGINIA 


UNCLASSIFIED 


NOTICE:  Ehen  goveixnnent  or  other  draviags,  specl- 
fleatlone  or  other  data  are  used  for  any  purpose 
other  than  In  connection  with  a  defixd.tely  related 
govemaent  proeureaent  operation,  the  U.  8. 
Qoyemaent  thereby  Incurs  no  responsibility,  nor  any 
obligation  whatsoever;  and  the  fact  that  the  Qovexn- 
aent  aay  have  fonailated,  furnished,  or  In  any  way 
supplied  the  said  drawings,  specifications,  or  other 
data  Is  not  to  be  regarded  by  lapUcatlon  or  other¬ 
wise  as  In  any  aazmer  licensing  the  holder  or  any 
other  person  or  corporation,  or  conveying  any  rl|^ts 
or  pexBlsslon  to  aanufacture,  use  or  sell  any 
patented  Invention  that  any  In  any  way  be  related 
thereto. 


muz 


PINAL  RKPOltf 


To  the  Of floe  of  Naval  Research  under  Contract  ^hr*839(3l) 
with  the  Polytechnic  Institute  of  Brooklyn 


SYNTOETIC  POLYMER  STUDIES  RBLATINQ 

TO  EN2YM0L0QY 

J.  Shafer  and  H.  Morawets> 

(Project  Supeirvlsor) 

Nov.  1,  i960- Jan.  31,  1962 


Project  Number  NR  108-499 
February  28,  1962 
Brooklyn  1,  N.Y. 


1. 


PlBtrlbutlon  LlJt 

Contract  Nonr  839(31)  Project  NR  330-029 

No,  of  Copies 

(3)  Office  of  Naval  Research 

Biochemistry  Branch  (Code  442) 

Washington  25,  J>.  C 

(6)  Director,  Naval  Research  Laboratory 

Attention:  Technical  Information  Officer 
Washington  20,  D.  C. 


(1) 


(5) 


(1) 


(1) 


Office  of  Technical  Services 
Department  of  Commerce 
Washington  25,  D.C. 

Armed  Services  Technical  Information  Agency 
Documents  Service  Center 
Arlington  Hall  Station 
Arlington  12,  Virginia 


Office  of  Naval  Research 
495  Summer  Street 
Boston  10,  Massachusetts 


Branch  Off. 


Copies  of 
Reports  onljr 
‘  of  contracts 
In  this  area 


Office  of  Naval  Research  Branch  Office 
Tenth  Floor 

The  John  Crerar  Library  Building 
86  Bast  Randolph  Street 
Chicago  1,  Illinois 


(1) 


(1) 


(1) 


(2) 


Office  of  Naval  Research  Branch  Office 
346  Broadway 
New  York  13,  N.Y. 


Office  of  Naval  Research  Branch  Office 
1030  East  Green  Street 
Pasadena  1,  California 


Office  of  Naval  Research  Branch  Office 

1000  Qeary  Street 

San  Francisco,  9>  California 


U.S.  Navy  Office  of  Naval  Research 
Branch  Office,  Box  39 
Navy  No.  100,  Fleet  Post  Office 
New  York,  N.Y. 


{Copies  of 

Reports 
only  of 
omtracts 
in  this 
area. 


11. 


(1) 

(2) 

(1) 

(1) 

(1) 

(2) 

(1) 

(1) 

(1) 

(1) 


(oontd. ) 


ONR  Contract  Administrator  Copies  ot  Reports  ory^ 
Southeastern  Area  of  contracts  In  this 

2110  0  Street,  N.W.  area. 

Washington  7#  1>.C. 

Director,  Research  Division 
Bureau  of  Medicine  and  Surgery 
Department  of  the  Navy 
Washington  23,  D.C. 

Headquarters,  U.  S.  Air  Force 
Washington  25.  D.  C. 

Attention:  AFDRD  .  HP 

Office  of  the  Surgeon  General 
Department  of  the  Army 
Washington  25,  D.  C. 

National  Research  Cotmcll 
Division  of  Medical  Sciences 
2101  Constitution  Avenue,  N.W. 

Washington  25,  D.  C. 

Commanding  Officer 
Naval  Medical  Research  Institute 
National  Naval  Medical  Center 
Bethesda,  Maryland 

The  Director 

Armed  Forces  Medical  Library 

7th  Street  and  Independence  Avenue,  S.W. 

Washington  25,  D.  C. 

Cosnandlng  Officer 

U.  S.  Naval  Medical  Research  Unit  No.  1 
Building  T.19 
University  of  California 
Berkeley  4,  California 

Commanding  Officer 

U.  S.  Naval  Medical  Research  Unit  No.  2 
APO  63 

San  Francisco,  California 
Cosmiandlng  Officer 

U.S. Naval  Medical  Research  Unit  No.  3 
Box  "E"  -  APO  231 
c/o  Postmaster 
l4w  York  Cltr,  N.Y. 


Dletrlbutioh  Llit  (oontd^) 


Officer  In  Charge 

U.  S.  Naval  Medical  Research  Unit  No.  4 
Naval  Training  Center 
Great  Lakes,  Illinois 

Officer  in  Charge 

U.S. Naval  Medical  Research  Laboratory 

Submarine  Base 

New  London,  Connecticut 

Commanding  Officer 

U.S.  Naval  Medical  Field  Research  Laboratory 
Caitqp  Lejeune,  North  Carolina 

Commanding  Officer 

U.  S.  Naval  School  of  Aviation  Medicine 
Naval  Air  Station 
Pensacola,  Florida 

Director 

Aviation  Medical  Acceleration  Laboratory 
U.  S.  Naval  Air  Development  Center 
Johnsville,  Pennsylvania 

Superintendent 

Aeronautical  Medical  Equipment  Laboratory 
U.  S.  Naval  Air  Experimental  Station 
Naval  Air  Material  Center 
Naval  Base 

Philadelphia,  Pennsylvania 
Commander 

Naval  Air  Test  Center 

Aero  Medical  Branch  of  Service  Tbst 

Patuxent  River,  Maryland 

Commanding  Officer 

U.  S.  Naval  Unit,  Biological  Division 
Chemical  Corps 
Camp  Detrick 
Frederick,  Maryland 

Radiological  Medical  Director 

U.S.  Naval  Radiological  Defense  Laboratory 

Naval  Supply  Depot 

San  Francisco  24,  California 


Iv. 


Dlstrlbutlan  LiB:t  {eohtd.) 


No.  of  Cooles 

(1) 

Head,  Medical  Research  Department 

U.  S.  Navy  Nine  Defense  Laboratory 
Panama  City,  Florida 

(1) 

Chief  of  Medicine  and  Research  Director 
Metabolic  Research  Facility 

U.  S.  Naval  Hospital 

Oakland  14,  California 

(1) 

Chief,  Amputee  Service 

Navy  Prosthetic  Research  Laboratory 

U.  S.  Naval  Hospital 

Oakland  14,  California 

(1) 

Research  and  Development  Division 

Office  of  the  Chief  Signal  Officer 
Department  of  the  Army 

Washington  25,  D.  C. 

(1) 

Bio  Science  Office 

PMR  Box  1 

Point  Mugu,  California 

t 


INDEX 


Stuanary 

Results  and  Discussions 

A.  Attenpted  preparation  of  a  polymer  with  a  specif lo 
affinity  for  acetylcholinesterase. 

B.  Ihe  carboxylate  catalysed  hydrolysis  of  m-acetoxy- 
trlmethylanlllnlum  iodide. 

C.  Hydrolysis  of  an  ester  with  a  neighboring  carboxyl  and 
a  quaternary  ammonlian  group. 

D.  The  effect  of  a  neighboring  amide  gz*oup  on  the  hydrolysis 
of  esters  and  amides. 

B.  %drolysls  of  an  amide  with  two  neighboring  carboxyl 
groups . 

P.  The  effect  of  polyaclds  on  the  hydrolysis  of  a  cationic 
ester. 


vl 


SUMMARy 

A.  An  attenqpt  was  made  to  synthesize  a  polymer  with  a 
specific  affinity  for  cholinesterase  by  attaching  m-hydroxy  trl- 
methylanlllnlum  fvinctlons  to  the  polymer  backbone.  The  synthesis 
proved  more  difficult  than  anticipated  and  this  part  of  the 
project  was  abandoned. 

B.  The  hydrolysis  of  m-acetoxytrlmethylanlllnlum  Iodide 
catalyzed  by  singly,  doubly  and  triply  Ionized  citric  acid  showed 
the  doubly  Ionized  citrate  to  have  an  anomalously  low  catalytic 
activity.  The  possible  reasons  of  this  phenomenon  are  discussed. 

ethyl 

C.  The  hydrolysis  rate  of  B-N,  N-dlmethylamlnoi^hydrogen  phthalate 
was  studied  over  a  range  of  pH  values.  The  uncatalyzed  rate  Is 

so  high  that  it  overshadows  any  possible  contribution  from  the 

« 

activation  of  the  ester  by  an  Ionized  neighboring  carboxyl. 

B.  The  base  catalyzed  hydrolysis  rate  of  phthalamlde  and  methyl 
phthalamate  Is  very  high  due  to  the  attack  of  the  conjugate  base 
of  the  amide  on  the  amide  or  ester  function.  Phthallmide  Is  a 
reaction  Intermediate  in  both  cases. 

B.  The  hydrolysis  rate  of  N-(o-carboxy)  phenylphthalamlc  acid  was 
studied  over  a  range  of  pH  values.  The  rate  is  a  maximum  when 
one  of  the  two  carboxyl  groups  is  Ionized  and  It  is  then  eighty 
times  as  fast  as  for  the  unionized  amide.  The  effect  Is  believed 
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to  be  due  to  a  cooperative  attack  of  an  Ionized  Imd  an  unionized 

i 

neighboring  carboxyl  on  the  amide  function. 

P.  The  hydrolysis  of  a  conqpound  carrying  two  cationic  groiq;>s 
and  two  ester  groups  was  studied  In  buffers  and  In  partially 
Ionized  polymeric  acids.  The  polyanions  were  found  to  act  as 
powerful  Inhibitors  for  the  hydroxyl  Ion  catalyzed  reaction. 

Ihe  datsi  could  be  Interpreted  In  terms  of  a  polymer-ester 
association  constant  or  In  terms  of  the  distribution  of  electro¬ 
static  potential  In  polyelectrolyte  solution. 


A.  Atteiq>tttd  Preparation  of  a  Polsnoer  with  a  Specific  Affinity 
For  Chollneateraae 

I.  Adsorption  of  Acetylcholinesterase  on  a 
cationic  reain 

The  puj^poae  of  this  work  was  to  Investigate  the  possibility 

of  separating  an  enzyme  from  a  mixture  of  proteins  by  using 

polymers  containing  side  groups  which  are  specific  Inhibitors  of 

the  enzyme.  Since  the  acdepted  mechanism  of  Inhibition  Involves 

Initial  complex  formation  between  Inhibitor  and  enzyme,  the 

enzyme  was  e3q;>eoted  to  be  preferentially  adsorbed  on  polymer 

containing  Inhibitor  side  groups.  The  polymer  could  be  used  as 

an  adsorbent  In  chiromatography,  or  as  a  ooprecipltatlng  agent 

In  solution.  A  polymer  containing  carboxyl  and  Inhibitor  side 

groups  could  be  precipitated  from  a  solution  containing  an  enzyme 

and  protein  mixture  with  barium  salts.  In  such  a  case  one  would 

expect  the  enzyme  to  be  oopreclpltated  with  the  polymer. 

Work  was  started  on  this  project  using  acetylcholinesterase. 

An  enzyme-rich  extract  was  obtained  from  Professor  Wilson's 

* 

Laboratory  at  Columbia  University. 

Since  acetylcholinesterase  is  known  to  be  Inhibited  by 
quaternary  ammonium  salts,  the  adsorption  of  the  enzyme  on  resin 
IRA  401  (quatenary  ammonium  chloride  type  resin)  was  Investigated. 
It  was  found  that  an  enzyme  solution  In  buffer  at  pH  7. 2-7. 4  which 


stood  over  the  resin  lost  all  l-tft  sbtlviiyCensjritte  assayed  by 
method  of  Hlstrlh^)  after  three  days.  A  blank  enzyme  solution 
containing  no  resin  when  kept  under  the  same  conditions  did  not 
lose  activity.  The  loss  In  activity  Is  attributed  to  adsorption 
of  the  enzyme  on  the  resin.  To  evaluate  the  specificity  of  the 
resin  for  the  enzyme ,  the  adsorption  of  ox  serum  albumin  was 
tested.  It  was  found  that  60^  of  the  serum  albumin  was  adsorbed 
from  a  solution  standing  over  excess  resin  for  3  days. 

^ese  results  suggest  that  quaternary  ammonium  chloride 
Ion  exchange  resins  have  a  limited  specificity  for  acetylcholin¬ 
esterase,  and  may  be  used  In  the  purification  of  the  enzsmae. 

II.  Attempted  Preparation  of  Honcaners  Containing  Inhibitor 
Residues 

Since  B-hydroxytrlmethylanlllum  Iodide  (I)  was  reported  to 
be  120  times  more  powerful  an  inhibitor  for  acetylcholinesterase 
than  trlmethyl  ammonium  Iodide  ,  an  attempt  was  made  to 
synthesize  a  monomer  with  a  S'hydroxytrlmethylanllium  Iodide 
residue.  The  following  series  of  reactions  were  used. 
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Conpounda  II-V  were  prepared  and  tentatively  Identified  by  their 

Infrared  spectra.  However,  all  attenpts  to  quatemlse  V  with  Za 

led  to  a  guamy  resinous  product. 

The  very  powerful  Inhibiting  powers  of  the  dlaethylcarbamate 

of  I,  VI,  has  been  ascribed  to  a  critical  distance  between  the 

o 

cationic  nitrogen  and  the  cazHdonyl  oxygen.  It  was  therefore 
thought  that  the  S-nethaorylamldotrlisethylanlllum  Iodide  (VII) 
with  a  very  similar  distance  between  carbonyl  oxygen  and  positive 
nitrogen  would  be  a  good  Inhibitor. 


VII 
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Compound  "  was  made  by  the  following  i*bioiion  soheme  and 


tentatively  Identified  by  its  Infrared  apeotrum 
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The  method  of  Klatrln  was  then  used  to  aaoertaln  its  relative 

strength  as  an  inhibitor  of  aoetylohollnesterase.  It  was  found 

to  be  much  weaker  than  oonpound  I  or  VI  and  was  found  to  be 

oonparable  in  strength  to  trlmethylanllium  chloride.  The  msth- 

aoiylamidd  group  in  VII  was  replaced  with  an  aoetamldo  group  VIII 

to  ascertain  if  the  relatively  weak  inhibitory  power  of  VII  was 

due  to  unsaturation.; 

0 

_ .  WTVT  ^ 


€ 


I" 

VIII 


oonpound  VIII  had  the  ssbm  activity  as  an 
inhibitor  of  aoetylohhi^sterase 
as  VII, It  was  therefore  concluded  that 
other  factors  besides  the  distance 


between  carbonyl  oxygen  and  cationic  nitrogen  are  of  major 
importance  in  determining  the  inhibitory  powers  of  compounds  for 
aoetylohollnesterase  action. 
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in«Aminftbi>nqrl  aloohol  was  prepared  by  eleotrolytidKly 
reducing  n-aadlnobensolo  acid  according  to  a  method  described  by 
0.  H.  Coleman  and  H.  L.  Johnson,  Organic  Synthesis,  Coll.  Vol.  IIZ, 
p.  60-62.  M.P.  92*C,  lit.  II.P.  92*c3. 

Methacwrlic  Anhydride  was  prepared  according  to  the  method 
of  R.  K.  Kulkaztii,  Oissertatlon  for  Fh.D.,  Polytechnic  Institute 
of  Brooklyn  (i960). 

Moohol 

To  a  100  ml.  roundbottom  flask  containing  7*38  g.  (O.06  moles) 
of  m-amlnobensylaloohol  9.24  g.  (0.06  moles)  of  siethaoryllo 
anhydride  containing  hydroquinone  is  added -all  at  once.  The  flask 
is  kept  in  an  ice  water  bath.  The  oil  formed  is  stirred  with  a 
glass  rod  until  it  becomes  a  thick  syrup.  Tfien  60*cm^  of  water 
is  added  and  an  efficient  mechanical  stirrer  is  attached  to  the 
flask.  The  mixture  is  stirred  for  3  minutes  and  4  00.  of  15  N  HaOH 
(0.06  Bwles)  is  added.  The  solution  is  stirred  for  3  ho\ars,  and 
the  solid  product  is  separated  by  filtration  and  dried  in  a 
vaoinm  desiccator  over  ^2^5*  product  is  recrystallised  from 
bensene,  m.p.  67*C. 

Tb  1.91  g>  iO.Ol  N)  of  m-msthacrylasddobensyl  aloohol  1.4  ml. 
of  thionyl  chloride  is  added. After  1  hour  a  solid  appeazedwhioh 
was  washed  with  water  and  then  dilute  sodium  hydroxide  and  then 
water  again.  The  solid  was  recrystallised  from  ethanol  hexane 


mixture  m.p.  117** 


Attempted  preparation  of  N>  ^4methaorylp 
amldo)  benzyl  N,N>dlmethyl-3-hydroxyanlllum  chloride.  Seiveral 
attenqpte  were  made  to  prepare  this  salt  by  dissolving  the 
corresponding  chloride  and  tertiary  amine  In  various  solvents 
allowing  the  mixture  to  stand  for  a  week,  ^e  solvents  used 
were  benzene  ethanol,  methanol  and  ether.  In  all  oases  a  gummy 
polymer  like  moss  was  obtained. 

m"Nitrodlmethylanlllne  was  prepared  acoordlng  to  the  method 
described  In  Organic  Synthesis  Coll.  Vol.  Ill,  p.  638. 

m-Amlnodlmethylanlllne  was  obtained  by  fiduolng  m-nltrodlsMthyl- 
aniline  according  to  the  method  for  the  reduction  of  nitrobenzene 
with  tin  and  HCl  as  described  in  Practical  Organic  Chemistry. 

A.  I.  Vogel,  Longmans,  Creen  and  Co.,  London,  1957#  P*  5^3 • 
m»MethaorY^in^^9ff"**^^“^^^^"*  prepared  by  reacting 
equivalent  amounts  of  methaoryllo  anhydride  and  m-amlnodlmethyl- 
anlllne  In  cold  water.  The  amide  precipitates  out  and  Is  re* 
crystallised  from  ethyl  acetate,  m.p.  92*C. 


m*llethylaorylamldotrlmethylanlllnlu«_lQdlde 
A  test  tube  containing  0.1  g.  of  m*methacrylamldodlmethyl* 
aniline  and  0.5  ml.  methyl  Iodide  Is  wanned  In  a  water  bath  for 
1  minute  and  then  cooled  In  an  lee  bath.  The  tube  is  scratched 
and  the  product  crystallises  out.  The  product  Is  recrystallized 
from  absolute  ethanol,  m.p.  191>192*C. 


m-AeetamldotrlmethYlanilinlwi  Iodide  Is  made  by  the  saM  ^ 
procedure  used  for  the  preparation  of  m*methaorylamldo^lS^l£niuB'' 
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iodide  only  the  amide  waa  made  with  aodtlo  ahhydrlde  Instead  of 
methaoryllo  anhydride,  m.p.  202-203*0. 
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B*  Pie  Carboxylftte  Catalyged  HvdltelViii  ai.  m-acigtcxytrlmethyl- 
anlllnlmn  gisdlde 


I 


► 


The  second  order  rate  constants  for  the  hydrolysis  of  m*^ 
acetoxytrlmethylanlllnlum  iodide  by  various  acids  were  obtained 
to  determine  whether  the  cationic  ester  would  show  an  Increase  In 
susceptibility  to  carboxylate  catalysed  hydrolysis  when  the 
charge  on  the  catalyst  is  Increased.  No  such  effect  Is  observed 
and  the  reactivity  of  the  various  Ionic  species  varies  more  closely 
with  Its  basicity  than  Its  charge. 

It  may  be  seen  that  with  propane  tricarboxylic  acid  and  with 
succinic  acid  the  reactivity  of  the  carboxylate  groups  of  the 
various  Ionic  species  Increases  with  Increasing  basicity.  However, 
a  striking  anoaialy  Is  observed  with  citric  acid,  for  which  the 
doubly  Ionized  species  Is  unexpectedly  unreaotlve. 

Because  of  the  Inductive  effect  of  the  hydroxyl  and  other 
electrostatic  effects,  the  order  of  Ionization  of  citric  acid 
probably  is 


CNgCOOH 

HOC-COOH 

I 

CHgCOOH 


^HgCOOH 

HQaycoo* 

CHgCOOH 

II 


OHgCOO' 

HOC-COOH 

CHgCOO' 


CHgCOO 

HOC-  COO“ 

I 

CHgCOO 


III 


IV 


The  anosuilously  low  reactivi^  of  species  III  may  be  interpreted 
in  tezeuB  of  hydrogen  bonding.  The  carboxylates  in  species  III  can 
participate  in  hydrogen  bonding  with  the  hydroxyl  group  more 
easily  than  the  carboxylate  of  species  II.  This  intramolecular 


9. 


hydrogen  bonding  reduces  thb  nuclec4>hillelty  bt  species  III.  It 
would  be  desirable  to  determine  whethil^*  cltrld  acid  ancmaly 
Is  also  observed  In  the  hydrolysis  of  an  uncharged  ester  such  as 
p«nltrophenylaeetate . 


Acid 


TABLE  I 

CATALYSIS  OF  THE  HYDROLYSIS  OP  A  CATIONIC  ESTER  BT  VARIOUS 
CARBOXILATE  QROCPS 


10^^ 
at  25*C 


oorneted  'for  i /m  sa 
Statistical  l 
Factors  *-00.2 


Reference  for 
Kn 


Citric* 

CH2COOHCHOHCH.COOH  913  304 

^  27.8  27.8 

1.3  3.9 

Propane*  tricarboxylic 
CHgCOORCHCOOHCHgCOOH  3|.5  IO6 

^i!?8 

Olycollo  HOCHgCOOH  i48  148 

Acetic  CHjCOOH  17.5  17.5 


Succinic  BOOCC^COOH  63.8  31.9 

2.69  5.38 

^Bstemlned  at  30*C. 


2.00 

C.  Morton 

1.27 

Trans  .Faraday 

3.74 

Soc.  24.22 
(19287^ 

2.00 

4.84 

8.99 

2.02 

H.Hamed  and 
B.B.Owen,  The 

4.64 

Physical  Chem.  of 
Bleotrolytlo  Sol¬ 
utions,  Rhelngold 
N.Y.  1958,p.  755. 

3.2 

H.8.  Slams, 

6.3 

u^eT'^ 

m-Aoetoagrdlaethylanlllne  was  prepared  by  aoetylatlng 
B-hydroxydlaethylanlllne  with  acetic  anhydride  according  to  the 
method  of  Chattaway  for  aoe^latlng  phenols^,  m.p.  38*,  lit.  m.p. 
36.5*C.® 
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m-Aoetoxytrlmethylanlllnium  Iodide  wai  prepared  by  tiuatemlElng 
the  ester  In  acetone  containing  an  excess  of  Aiethyl  i;odlde,  m.p. 
203*c:  Anal.  Calcd.  for  C,  41.12;  H,  4.98;  N*  4.36. 

Pound:  C,  4l.06,  H,  4.95;,  N,  4.43. 

m-Hydroxytrinethylanilinium  iodide  was  prepaid  by  reacting 
m-hydroxydimethylaniline  with  an  excess  of  methyl  iodide  in  methanol, 
m.p.  182*C,  lit.  m.p.  182®C.^ 

Kinetics 

Reaction  rates  were  measured  at  60.2**C.  !Ihe  second  order 
rate  constants  for  the  various  carboxylate  groups  were  calculated 
from  the  slopes  of  plots  of  pseudo  first  order  rate  constants 
versus  acid  concentx*ation. 

The  rate  of  reaction  was  followed  by  observing  the  increase 

in  (^tical  density  at  373  nu  (r*  2370)  associated  with  the 

production  of  m-hydroxydlmethylanillnium  iodide  by  means  of  a 

Beckman  D.U.  spectrophotometer.  The  concentration  of  ester  used  in 

-4 

all  runs  was  2.1  x  10  N. 
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c.  .ML 

Ammonium  Qroup 

The  enhanced  reactivity  of  eaters  of  the  choline  type 
1 

has  been  explained  by  aaaunlng  that  the  positively  charged 
nitrogen  stabilises  a  negative  charge  on  the  carbonyl  oxygen, 
making  the  carbonyl  carbon  more  susceptible  to  attack  by  a 
nucleophilic  reagent  as  shotm  below. 


This  type  of  catalysis  has  been  classified  by  Bender  as  Intra¬ 
molecular  general  acid  catalysis.  The  difference  In  reactivity  of 
esters  of  cyolohexanol  derlwtives  with  a  ois  or  a  trans 

(juatemary  nitrogen  has  been  offend  as  evidence  for  the  above 
a 

mechanism. ''  By  anaiogy,  a  neighboring  positively  charged 
nitrogen  should  make  the  carbonyl  carbon  more  susceptible 
to  neighboz^ng  carboxylate  attack.  Zt  has  been  shown  previously 
that  an  ester  containing  both  an  Ionised  and  an  unionised  neigh¬ 
boring  cax^oxyl  groups  is  highly  reactive,  and  this  effect 
has  been  attributed  to  a  stabilisation  of  the  transition  state 

by  hydrogen  bonding  between  the  carbonyl  oxygen  of  the  ester 

4 

and  the  tmlonlsed  cazboxyl.  It  was  suggested  that  a  similar 
stabilisation  might  be  achieved  by  lon-palr  formation  Involving 
the  partial  negative  charge  of  the  carbonyl  oxygen  and  a 
neighboring  cationic  groiv* 


12. 


To  demonstrate  this  effeet>  we  carried  out  a  siudjr  of  the 
pH  dependence  of  the  rate  of  hydrolysis  of  ^-H>tt*dlmethylamino- 
ethyl  hydrogen  phthalate  (l).  An  analogous  ester  lacking  the 


cationic  group,  l.e.,  methyl  hydrogen  phthalate  II  has  been  In- 

5 

vestlgated  previously. 


^  COOC 

CK 

COOH 


C00CH2CH2N(CH2)g 


I 
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The  pseudo  first  order  ftid  eo^otshts  fol*  the  hjrdlrolysls 
of  ester  I  in  various  buffers  and  at  diffst^ht  tenperatures  ai<e 
given  in  Table  I. 


I 


TABLE  I 


PSEUDO  PIBST  ORDER  RATE  CONSTAMTS  FOR  THI  HYPBOLYSIS  OP 
B,M,W  DaWggLAMIliO  BTCTL  ByPROOIil  PHTHALATI 


fiH 


1.11 

2.82 

3.26 

4.92 

6.39 

6.99 


LO^k  eeo“^ 

In  5*0) 


fiH 


3*5 

7.92 

4l.fi 

75.5 

2.8 

6.06 

3.0 

75.5 

2.7 

6.06 

0.033 

34.5 

3.0 

6.06 

1.13 

65.5 

i:? 

6.06 

6.65 

85.4 

In  Figure  1  the  logarlthais  of  the  rate  oonstants  obtained 
nt  73,5*0  are  plotted  against  pH  along  with  a  sinllar  plot  for 
the  tijdrolysis  of  aethgrl  t^drogen  phthalate  taken  frosi  reference 
(6). 

An  Arrhenius  plot  of  rates  obtained  at  pH  6.06  gave  an 
activation  enthalpy  of  23.4  koal/kole  as  against  33.7  koal/teole 
reported  for  ester  II^. 

the  results  of  this  studyr  shoir  that  the  anirtioterlc  ester  I 
is  .auch  nore  reactive  than  the  acid  ester  II,  but  that  the 


I 
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hydrolysis  rats  of  I  unlike  that  of  ti^  li  pH  indsfMihdsnt  In 
the  region  of  oarbonyl  ionisation.  It  may  therefore  be  oon- 
oluded  that  In  this  pH  region  the  bulk  of  the  hydrolysis  Is  due 
to  direct  attaok  of  water  on  the  ester  group,  and  that  any 
contribution  tdilch  Intramolecular  carboxylate  attack  may  stake 
to  the  observed  hydrolysis  rate  of  I  Is  within  the  experimental 
error  of  the  rate  constant  smasurements .  If  we  extrapolate  the 
data  from  reference  6  for  the  fully  Ionised  II  at  109**  and  84* 
to  a  temperature  of  75  <5* «  m  find  that  intramolecular  carboxyl- 
ate  attaok  on  the  ester  group  results  In  a  hydrolysis  rate 
constant  of  0.079  x  lO^^seo"^.  Ihls  Is  less  than  of  the 
rate  constant  observed  for  ester  I  In  the  plateau  region  below 
pH  6.1,  so  that  Intramolecular  oaz'boxylate  attaok  would  not  be 
experimentally  detectable  In  ester  I  unless  it  were  about  four 
times  as  efficient  as  in  II.  ^arently  the  cationic  groxqp 
does  not  produoe  an  effect  of  this  magnitude. 

BXPERIIgNTAL 

p-M, thfgleminoetharl  hydrogen  phthalate.-  Phthallo  an¬ 
hydride  (7*4  g,  0.05  Biole)  and  17*8  g  (0.2  stole)  dlsMthylaislno- 
ethanol  were  placed  In  a  250  ml  three-neck  round-bottom  flask 
equipped  with  a  SMChanlcal  stirrer.  The  mixture  was  stirred  at 
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x^om  teqp^rature  for  iix  hours i  !Chs  resuitlhg  slurry  was  washad 
with  benzane  and  raorystalllzad  from  ethanol  giving  small  color¬ 
less  plates.  Melts  with  deooeqposltlon  160-170**C. 

Anal.  Calc,  for  :  C,  60.75j  H,  6.36;  N,  5. 90. 

Pound:  C,  61.02;  H,  6.46;  N,  5. 81. 

Kinetics . -  The  hydrolysis  reactions  were  carried  out  In 
buffer  solutions  less  than  0,02  N  in  Ionized  acid.  !Ihe  ionic 
strength  was  adjusted  to  0.1  N  by  addition  of  sodium  chloride, 
and  the  pH  was  determined  with  a  Cambridge  Research  Model  pH 
meter.  The  rate  of  reaction  was  studied  by  observing  the  dis¬ 
appearance  of  the  peak  due  to  the  ester  at  280  mu  on  a  Beckman 
BU  Spectrqphotoaieter.  In  order  to  follow  the  rate  of  reaction 
In  this  manner  the  free  phthalle  add  had  to  be  Ionized,  since 
unionized  phthalle  acid  has  approxlsmtely  the  easw  extinction 
coefficient  as  the  ester.  Therefore,  for  most  rune  2  ml 
aliquots  of  the  reaction  solution  (containing  24  mg.  ester/lOO  wl) 
were  transferred  Into  2  ml.  of  0.5  M  phosphate  buffer  (pH  6.06), 
and  the  optical  density  (B)  detersilned  at  23.3*C.  Plots  of  -ig 
(B-Bb)  were  linear  In  time  In  all  oases,  and  were  used  to  calcul¬ 
ate  the  first  order  rate  constant.  The  fonsatlon  of  phthalle 
acid  In  the  reaction  was  proved  by  the  similarity  between  the 
spectrum  of  the  ester  after  hydrolysis  and  phthalle  acid  at  the 
sam  pH. 


Figure  1 

The  Hydrolysis  of  P-N,N-Dlmethylainlnoethyl 
Hydrogen  Phthalate  at  75-5°C,  and  of  Methyl 
Hydrogen  Phthalate  at  109°,  0. 
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Vftille  studying  the  equilibrium  between  acids,  amines 
and  amides,  Paul  Otakl  of  this  laboratory  observed  the  facile 
hydrolysis  of  amides  with  neighboring  amide  groups,  nie  rapid 
hydrolysis  of  esters  of  aspartic  acid  residues  in  peptides  had  been 
reported  by  Bernhard.^  At  this  time  we  began  to  study  the  hydroly¬ 
sis  of  phthalamlde,  methylphthalamlde  and  the  methyl  esters  of 
phthalmic  acid  and  N-methylphthalamlc  acid. 

B.  Hydrolysis  of  the  Methyl  Esters  of  Phthalamic  acid  I 
and  N-methylphthalamic  Acid  II. 


'a 


COOCH, 


^C0NHCH3 


COOCH. 


II 


The  hydrolysis  of  these  esters  were  studied  at  pH  6-7*5 • 
products  of  the  reactions  were  identified  as  the  cozresponding  Imldes 


III  and  IV 


III 


I 


by  the  congruence  of  the  ultraviolet  spectra  of  the  products 
with  those  of  imldes  III  and  IV. ' 
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lihe  pseudo  first  order  rate  oohiteoitM  are  tabulated  below 
along  with  the  corresponding  activation  snergles.  The  pseudo 
first  order  rate  constants  were  found  to  be  proportional  to  the 
hydroxide  Ion  concentration.  This  Is  In  agreement  with  the  follow¬ 
ing  mechanism 

^  (oX, 

-00H3 

9 


+  HOCH^ 


It  was  found  that  ester  II  was  four  times  more  reactive  than 
ester  I.  Whether  this  Is  due  to  an  increase  In  the  nucleophlllclty 
or  a  more  favorable  sterlo  situation  for  the  amide  Ion  of  species 
II  Is  unresolved. 

It  would  be  desirable  to  study  the  effects  of  changing  the 
acidity  of  the  amide  on  Its  reactivity.  This  could  be  done  by 
studying  the  hydrolysis  of  N-phenylmethylphthalanate  and  varying 
the  p-substltuents  on  the  phenyl  groiqp.  Such  a  study  would  have 
to  be  done  In  mixed  solvent  systemi^  since  It  was  found  that  the 
N-phenylphthallmldes  are  too  water  Insoluble,  even  for  the  low 
concentrations  Involved  In  our  Mthod  of  analysis. 
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i 


Hydrolyla  of  the  of! 


Ph thalamic  Acid  and  Methyl  Ph thalamic  Acid 


Conqpound 

Ph  at  26*C 

u^.l 

Buffer 

System 

kll 

T*C  1/mole  see 

Ba 

koal/ 

mole 

phthal^mlde 

8.78 

O.O24MH2BO2 

25.85  18.2 

8.78 

.fO.OlMNaOH 

33.98  36.4 

10.6 

8.78 

42.13  54.9 

N«methylphthal> 

4mlde 

8.78 

25.85  40.3 

8.78 

1 

33.98  61.6 

10.1 

8.78 

> 

42.13  95.9 

methylphthalamate  6.29 

'H2P04'[)  + 

25.85  3,220 

6.29  1 

IHPOljl- 

33.98  5,240 

10.3 

6.29 

0.02M 

1 

42.13  7,920 

N-me  thy Ime  thy !• 

6.30 

25.85  12,800 

phthalamate 

6.30 

33.15  17,900 

10.3 

6.30 

1 

42.13  28,200 

^^OONH, 

CONHg 

cdcB 

Lol 

X^CONHCH, 

VI  ^ 

The  reaction  kinetics  of  V  and  VI  were  observed  by  following 
the  appearance  of  the  corresponding  phthalladde  at  299  sat.  The 
kinetics  were  not  first  order,  since  the  lmlde«  formed  was  more 
reactive  than  the  amide.  Thus  the  reaction  followed  the 
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Collowlng  path 


Reaction  A 
0 
» 
C 


.  NH^ 


0: 


0 

I 


/ 


NH 


(qX 

& 


Reaction  B 

^.^CONHCH^ 


CONHCH. 


©: 


N.CH. 


CONHCH, 


»>DH 

0 


Identified 

The  final  products  were  .  by  the  congruence  of  their  ultra- 
violet  spectra  with  that  of  phthalamlc  acid  and  N-methylphthal- 
anlc  acid.  By  applying  the  equation  for  first  order  consecutive 

reactions  to  this  system,  and  kg  were  obtained  for  both 

I  reactions.  The  kg  obtained  separately  from  the  hydrolysis  of 

the  Imldes  agreed  well  with  that  obtained  from  the  consecutive 

reaction,  strongly  Indicating  that  the  Intermediates  are  the 

Imldes.  The  pertinent  rate  constants  are  tabulated  below.  The 

ratios  of  kg/k^  obtained  from  the  steady  state  imlde  concentrations 

were  constant  between  25*C  and  k3*C  indicating  that  the  activation 

energies  for  the  first  step  are  nearly  equal  to  that  for  the 

hydrolysis  of  the  imldes,  «diioh  are  tabulated  In  In  Table  ZI. 
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Pseudo  First  Order  Rate  Constats  for  th<t  Hydrolysis 


of  Phthalamlde  and  Methylphthalainlde 
U  -  0.1  T  -  25.85  pH  .  8.75rf0.02 

Reaction  A 


lO^kj^sec*^ 

from  time  to  reach  steady  state  and 

0.316 

lO^kgSec"^ 

steady  state  Imlde  concentration 

1.31 

lO^kgSec”^ 

from  separate  hydrolysis  of  Imlde 

1.15 

Reaction  B 

lO^kj^sec"^ 

from  Initial  rate  (below  1.5$teompletlon 

0.470 

lO^kgSec"^ 

from  separate  hydrolysis  of  Imlde 

2.55 

k^i 

5.43 

ko/k«  calculated  from  state  state  Imlde  concen- 
^  ^  tratlon 

5.52 

At  the  conqpletlon  of  the  work  It  was  found  that  similar 
results  had  been  obtained  with  the  hydrolysis  of  sueclnamlde 

o 

which  also  Implicated  an  Imlde  Intermediate. 


The  hydrolysis  of  phthallmlde  seemsto  have  a  positive  salt 
effect.  When  the  Ionic  strength  Is  raised  from  0.01  to  0.1 
the  second  order  rate  constant  Increases  from  12.05  1/mole  sec 
(det  at  25>35$  pVmB.jQ)  to  18.2  1/mol  sec  (det.  at  25«35* 

pH-9.07). 

The  effect  of  weak  bases  on  the  hydrolysis  of  methylphthal- 
amlde  Is  seen  In  Table  III.  Although  there  Is  a  definite 
Indication  of  basic  catalysis,  the  effect  of  a  weak  base  such 
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■mam  ttt 

Effect  of  Phosphate  and  Imldag^li.  oh  the  Trans- 
fornatlon  of  Methylphthfniyii|i<ia  t.n  MethylPhthailaldft 
n  .  0.1  T  -  25.85*0  pH  .  6.98 


lO^kjSec*^ 

Buffer 

2.42 

[hP0^“] 

-  O.OllM 

2.78 

Cv°4'J  +  CWV3 

-  0.02M 

3.27 

B  0.02M»-0.02M  ^neutralized 
Imidazole 

3.21 

0.02M  neutralized 

Imidazole 

3.37 

0.04  M  ^  neutralized  Imidazole 

3.41 

O.O8M  4  neutralized  Imidazole 

as  Imidazole  seems  to  level  off  at  higher  concentrations.  The 
effect  of  the  base  may  be  to  help  pull  off  a  hydrogen  from  the 
amide  nitrogen.  If  such  Is  the  case.  It  would  be  desirable  to 
Investigate  the  hydrolysis  of 

CHq  9 
\o— 


W 


.30 


VI 


In  which  the  basic  nitrogen  of  the  Imidazole  residue  Is  held  in 
the  vicinity  of  the  hydrogen  on  the  amide  nitrogen.  The  synthesla 
of  ooiqpound  VI  has  been  undertaken. 

Since  enzymes  have  many  amide  bonds,  further  work  on  the 
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the  neighboring  amide  group  efi^eet  may  help  elucidate  the 
mechanlam  of  hydrolytic  enzyme  adtioh« 

Experimental 

Materials 

Phthallmlde,  methylphthallmlde  and  phthalamide  were  obtained 
from  Matheaon  and  were  recrystalllzed  from  acetone. 

Methylphthalamide  was  prepared  by  the  addition  of  pfithaloyl 
chloride  to  an  aqueous  solution  of  methyl  amine  (20)t).  After  a 
short  time  the  amide  precipitated  out.  It  was  recrystalllzed 
from  acetone  deo.l87*’C  reported  dec.  185*C.^ 

The  methyl  esters  of  the  N  substituted  phthalamic  acids  were 
prepared  by  reacting  the  silver  salt  of  the  corresponding  acid 
with  excess  methyllodide  in  dry  acetone  over  night  at  room 
teoqperature,  filtering  off  the  silver  iodide  and  recovering  the 
ester  by  evworating  the  acetone.  Ihe  ester  was  recrystalllzed 
from  benzene-hexane  or  acetone  hexane  mixture  at  rooei  temperature. 
The  silver  salt  of  the  acid  was  precipitated  from  an  aq:ueous  sol¬ 
ution  of  the  ammonitim  salt  by  the  addition  of  a  silver  nitrate 
solution.  The  decomposition  points  of  the  esters  depended  on 
the  rate  of  heating^ 


I 


6Sl-8St|^*6  Hftr  90*09  €€*6  €0*«  !  00*09 
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KiMtles 

Thtt  reaction  rates  were  measured  with  tKe  did  of  a  Beckman 
ultraviolet  spectrophotometer  by  observing  the  change  In  OiD. 
at  299  m  which  corresponds  to  the  of  the  phthallmldes . 
Ihe  reactions  were  carried  out  In  water  solution  with 
supporting  buffer  and  pH  measured  with  a  Cambridge  Research 
Model  pH  meter. 
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B.  -ggdrolysie  of  >n  Amide  with  tj^p  yalaet^boriiik  Carboxyl  Qroupi 

Introduction 

Tho  participation  of  a  neighboring  unionised  carboxylic 
acid  residue  In  the  hydrolysis  of  an  amide  bond  has  been 
demonstrated  In  the  case  of  phthalamlc  aold^*^.  The  proposed 
mechanism  Involves  proton  donation  by  the  carboxyl  group  to 
the  amide  nitrogen  or  carbonyl  oxygen,  and  attack  on  the 
carbonyl  carbon  by  the  resulting  earboxylate  to  form  phthallc 
anhydride  and  eliminate  aamonla  *  .  Considering  the  mechanism. 
It  was  hoped  that  further  rate  enhancement  might  be  obtained  by 
placing  the  amide  bond  between  a  carboxyl  and  a  earboxylate 
group.  The  hydrolysis  of  N-  [o-carboxyj  phenylphthalamlo  acid 
was  studied,  therefore,  with  the  expectation  of  obtaining 
a  maximum  In  the  pseudo  first  order  rate  constant  at  a  pH 
corresponding  to  a  maxamum  in  species  Z^^  or  Z^^ 


I 
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Raaults  and  Discussion 

The  following  equation  should  predict  ihe  vacation  In 
pseudo  first  order  rate  constant  with  the  degree  of  Ionisation  a, 
and  Og  of  the  two  carboxyl  groups: 

^'obs  “ 

k2(l-0i)(l-02)  +  *«4  [^] 

The  first  three  terms  on  the  right  represent  the  contribution 
to  the  overall  rate  constant  by  each  of  species  1,2,3  respectively. 
The  fourth  term  represents  the  contribution  of  acid  catalysis 
to  the  ovexmll  rate  constant.  It  Is  assumed  that  the  contribution 
of  the  doubly  Ionised  species  to  the  hydrolysis  rate  Is 
negligible  In  the  pH  range  of  this  Investigation.  Equation  Z  isay 
be  rewritten  In  the  form 

k  +  •%  [*]  <«) 

+  V) 

where  and  are  the  add  dissociation  constants  defined  by 


From  the  experimental  results  the  five  parameters  of  equation 
av  calculated.  They  are  tabulated  in  Table  I  along  with  the 
observed  and  predicted  over-all  rate  constants. 
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Variation  In  Rate  with  Hydrogen  Ion  Conoentratloii  for  the 


IfydrolyelB  of  N-(o-oarboxy)Fhenylphthalainlo  Acid  (l^) 


^obs 


T  •  25.80  +  0.05  n  -  0.1 

(kjK^+lCgKgjHfkgH^  +  k^H 


(HfK^)(HfK2) 
kiK^+kgKg"  2.23  X  10“^ 

k,  ■  1.5  X  10"^aec“^,  k^^  ■  18.1  x  10“^8ec"^ 

»  4. 


Kj  .  5.5  X  10*“* 

Kg  -  1.8  X  10'^ 

10“  M 

lO^kcal . 

-1 

-1 

sec  *  j, 

sec 

9i230 

18.2 

18.2 

891 

3.62 

3.62 

89.1 

3.91 

3.87 

11.2 

12.36 

12.4 

4.68 

16.10 

16.1 

3.09 

16.56 

16.8 

1.91 

16.20 

15.8 

1.00 

12.28 

12.4 

.251 

4.81 

4.8 

The  values  of  and  Kg  calculated  from  the  data  In  Table  I 
are  somewhat  higher  than  one  would  expect  by  considering  the 
values  for  phthalamlc  acid  (1.6  x  10*^)^  and  bensoic  acid 
(6.0  X  lO**^)^.  However,  this  discrepancy  may  be  accounted  for 


by  recalling  that  ortho  substituted  benzole  acids  increase  in 


acidity  with  bulkiness  of  the  ortho  substituent. 

^  gain  additional  Insight  into  the  mechanism,  the  hydrolysis 
of  N-benzoylanthranllic  acid  III  and  N-phenylphthalamic  acid  U 


were  studied. 
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Preliminary  studies  have  shotm  species  III  to  be  unreactlve. 
Prom  this,  one  may  assume  species  Z^to  be  unreactlve  and 

to  be  negligible  compared  to  Using  the  values  of 

(kiK^  ^  calculated  fx*om  the  results  In  Table  Z, 

one  may  assign  a  value  of  0.0124  sec*^  to  kg. 

A  c^nparlson  of  kg  with  k^  indicates  that  the  catalytic 
efficiency  of  the  neighboring  carboxyl  group  is  increased  over 
eighty  fold  by  the  Introduction  of  a  neighboring  carboxylate 
group.  The  variation  In  pseudo  first  order  rate  constant 
with  pH  for  species  ZZ  Is  given  In  Table  ZZ  along  with  the 
expected  values  calculated  from 

“ovep-all-  ^  *3  (3) 

where  is  the  ionisation  constant  of  species  ZZ,  and  and 
k^  are  the  contributions  to  the  over-all  rate  constant  by 
hydrogen  ion  and  neighboring  carboxyl  catalysis. 

The  hydrolysis  of  phenylphthalamio  acid  is  thus  similar 
to  that  of  phthalamic  acid. 
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■  7.18  X  10*^  l/mole/sec 


kj  ■  2.6  X  lO'^sec"^ 
Kj^  -  2.4  X  10“^ 


10^ 

10,000 

9.78 

9.78 

447 

3.20 

2.90 

91.2 

2.67 

2.66 

16.3 

2.32 

2.26 

5.12 

0.257 

1.93 

0.240 

1.77 

0.163 

0.170 

.166 

Ihe  following  mechanism  Is  proposed  for  portion  of  the 
hydrolysis  of  which  goes  through  species  Xg. 
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The  portion  of  hydrolyzing  through  the  unionised  epeoles 
probably  follows  the  meohanlan  proposed  tot  phthalamlo  aold.^ 

To  further  test  the  mechanism  proposed  for  the  hydrolysis 
of  species  the  hydrolysis  of  N- [p-carboxjO  phenylphthalamlo 
acid  Is  currently  being  Investigated. 

Experimental 

Materials 

N>phenylph thalamic  acid  was  prepared  according  to  the 
method  described  In  reference  four.  m.p.  169'*C;  lit.  169"C^. 
N-fo-earboz]J -phenylphthalamlo  acid  was  prepared  In  a  similar 
manner,  m.p.  175-6®C;  lit.  172-3*0. ^ 

N-benzoylanthranlllc  acid  was  prepared  according  to  the 
method  of  reference  tlx.  4*p*  180-1*C,  lit.  180-1^. 

The  rate  hydrolysis  of  was  measured  In  aqueous  buffer 
solution  at  25*85*0  by  following  the  decrease  In  optical  density 
at  30511U  or  the  Increase  In  optical  density  at  350  nu>, 
corresponding  to  the  decay  of  the  amide  or  the  production  of 
anthranlllc  acid.  Observations  at  both  wavelengths  gave 
Identical  first  order  rate  constants.  The  products  of  each 
run  were  verified  by  the  congruence  between  their  ultraviolet 
spectra  and  that  of  a  solution  of  anthranlllc  acid  at  the  same 
pH  and  concentration  as  the  product  solution.  The  rate  of 
hydrolysis  of  N-bensoyl-anthranllle  acid  was  measured  under 


the  same  oondltiohe  as  above  except  that  the  deoreaae  of  the 
amide  coheentfatlon  waa  bbaefved  by  tht  dhahge  In  optical 
density  at  265  mp.* 
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It  has  pMvlously  bean  found  that  tha  hydrolysis  of 
oatlonlo  astars  is  Inhlbltad  by  polyaolds^.  This  phanoissnon 
may  ba  Intarpratad  by  molaoular  oonqplaxatlon  of  tha  polyanlon 
with  tha  oatlonlo  astars, so  that  tha  astars  find  thansalvas 
In  a  raglon  from  whloh  hydroxyl  Ions  ara  rapallad  by  tha  larga 
flxad  nagatlva  oharga  on  tha  polymar. 

Morawatz  has  shown  that  this  Inhibition  affaot  may  ba 

2 

pradlotad  trcm  polyalaotrolyta  thaory. 

It  may  also  ba  shown  that  this  affaot  Is  tha  mirror  Ismiga 
of  anzyma  aotlon.  Pravlous  Invastlgatlons  hava  oonsldarad 
only  singly  ohargad  oatlonlo  astars.  Tha  affaot  of  polyanions  In 
thasa  systams  was  small,  and  tharafora,  a  thaoratloal  traatmsnt 
of  tha  Insults  was  llmltad  by  posslbla  axparlmantal  arror. 

To  Invastlgata  this  phanosianon  furthar  tha  affaot  of 


polyanions  on  tha  hydrolysis  rata  of  athylanabls  M,N-dlBistl)jl 


N-  (phanyl )oarboxymsthyl 


lonlxim  bromlda  Z 

|-^  g  OHj  9H,  ^  ■)+*• 

CH, 


2  Br-" 


A  thaory  analogous  to  thosa  usad  to  Intarprat  ansyma  aotlon 
as  wall  as  a  traatmsnt  basad  on  tha  ganaral  oonsldaratlons  of 
polyalaotrolyta  solutions  wars  davalopad  to  axplaln  tha 
aiqparlmantal  results. 


I 
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II.  The  Effect  of  #blf ahlcjt>M  iMi  tfta  Hydrolysis  of  1- 
Analogy  with  Bngyme  Klnatles 

The  klnetloe  of  enayme  action  may  be  represented  by 
the  following  two  step  reaction 

B  +  S  ES  --  »■  E  +  P  (1) 

In  the  first  step  the  enzyme  (E)  and  the  substrate  (S)  are  in 
reversible  equlllbriiim  with  the  enzysM- substrate  complex  (ES). 

The  highly  reactive  enzyme  substrate  complex  then  reacts  to.< 
liberate  free  enzyme  and  a  product  which  has  a  low  affinity  for 
the  enzyme.  Thus  the  enzyme  is  free  to  bind  more  substrate. 

In  our  system  the  cationic  ester  becomes  electrostatically 
bound  to  the  polyanlon.  Tftilike  the  enzyme-substrate  system 
where  small  changes  in  the  stereochemistry  greatly  alters  the 
binding  constant  the  binding  between  polymer  and  ester  Is 
probably  electrostatic  and  nonspecific.  The  possibility  of 
obtaining  specific  binding  between  a  cation  and  a  polyanlon  is 
the  subject  of  a  current  investigation  in  this  laboratory. 

The  ester  in  the  polymer-ester  complex  is  less  reactive  than 
the  free  ester,  since  the  ester  is  held  in  a  region  of  low 
concentration  of  the  catalytic  hydroxide  ion.  The  hydroxide  ions 
are  z*epelled  from  the  complex  by  the  fixed  negative  charge  on 
the  polymer.  The  decomposition  product  of  the  polymer-ester 
0*^^“  -  -  -  ^ 

tf',  2  Br‘ 


t 


n 
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%M0le8  II  has  a  hit  fUbaitlvi  ohax^a  of  only  oha.  It  la 
bound  to  the  polymer  more  weakly  4hith  th^  ddUbly  ohar^d  ester  I, 
and  the  polymer  Is  less  effective  In  Inhibiting  Its  h^^rolysls. 

Table  I  ixmaarlses  the  differences  between  the  ensyme> 
substrate  system  and  the  polymer  ester  system.  The  results 
leading  to  the  conclusions  In  Table  I  are  summarised  In  Tables 
II  ajul  I  and  Figure  1. 


Comparison  between  Polvner^Bster  System  and 

Characteristic  fcisvme»Subetrate  Polymer-Bster  Supporting  Ref. 

evidence 
for -Pc.lym.- 

Xi^bltlon 

f»p.  of  Blndl«( 

electro-  fixed  charge  -T**- 

static  density «on 

polymer  and 
Inversely  with 
salt  oono. 


Reactivity  of 
Substrate  In 
complex 

Oreater  than 
free  substrate 

less  than  free 
substrate 

addition 
of  polyswr 
caitses  In¬ 
hibition 

Table 

n 

and 

ZZI 

Affinity  of 
product  for  fti- 
syme  or  polymer 

low 

low 

polymer  In¬ 
hibits 
hydrolysis 
of  species  I 

Table 

n 

more  than 
^ecles  II 


*  Fixed  charge  dsnsl^  varies  with  the  degree  of  neutralisation 
of  the  polyaold  and  the  number  of  oarbosyllc  acid  residue  per 
unit  chain  length. 


PIOUB  1 


1h«  lff*ot  of  oountorlon  ooneontratlon  on  th« 

Iffiolenej  of  PNA  aa  an  Inhibitor  for  tha  tqrdrolyala  of 

CH3  CH3 

[n,OOCHg.H.CHjCHj.».CH,COOPhJ  g,- 
pH  7  <91  3  T  •  2^8“C  q-o  7c 


Figure  2 


Analysis  of  the  Polyanlon  Effect  on  the  Hydroly 

sis  of: 

CH,  CH- 

r  *  ^  ^  1 

[PhOOCCHg-N-CHg-CHg-N-CHgCOO  PhJ  2  Br 

(Ih^  cIhj 

k  a  Rate  constant  with  PAA/MA 
a  /w  0.66 

k^a  Rate  constant  In  absence  of  polymer 
pH  a  8.95  T  a  2“C 
[Nat] a  0-0367  M 


Plgur*  3 


Analysis  of  ths  polyanlon  offset  on  tho 
^rolysuof 

rPhOO-CCHg-N-  CHgCHg-i  -  CH2C00Ph]'*^2Br 

iH3  iH3 
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Tiaian 

I 

Effect  of  3/4  Neutraliiit^  Acid  on  thft 

Hydrolysis  of  I  aihd  ll 
1 .  Reaction  Equation 

lc_  ko 

I  '  phenol  +  II  phenol  +  III 


?  f“3 


pC3 


HO-C-CH^.N-CH^-CH^.N-CH^.C-OH 


I 

CH. 


2 .  Rate  Equation 


CHg-CH^I^-CI 
U  CH- 


2  Br" 


III 


.  (1-y) 
Ob 


I 


8(k2*k2) 
t  ■  tlBM  In  seconds 


,  Dt-ioptloal  density  due  to  phenol 


3*  Results 


Conditions 

jBi 

0.02lf  phosphate 

8.07 

buffer 

3A  neut.  0.01  N 
polysMthaoryiio  acid 

8.02 

lO^kisec"^ 

lO^kgsec"^ 

Temp.  *C 

15.6 

4.5 

25.8 

2.1 

1.6 

25.8 

B 
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T  m  25.8’*C  Polymer  cone.  0.01  n 


Polymer 

Degree  of 
neut.  a 

pH 

10^1^  sec"-^ 

10-^k  sec”-^ 

PMA 

0.667 

7.5^ 

4.79 

1.44 

3.33 

PAA/MA  0.0113N  0.591 

7.88 

10.2 

0.865 

11.8 

PAA 

0.667 

7.42 

3.63 

0.91 

3.99 

PNA 

0.750 

8.02 

14.5 

2.08 

6.98 

PVME/MA 

0.750 

9.05 

151 

6.68 

22.6 

PAA/MA  0#0113N  0.664 

8.67 

63.1 

2.3 

27.4 

PNA 

0.333 

6.62 

1.02 

0.61 

1.67 

PNA  O.IM 

0.667 

6.83 

1.38 

1.39 

1.01 

9ynt)ol  .^WtilinK 

PAA  polyacryllo  acid 

PNA  polymethaoryllc  add 

PAVMA  polyacrylic  aold-malelc  acid  1-1  cqpolymer 

PVIC/MA  polyvinylnethylether-maleic  acid  copolymr 


*  ko  rate  constant  for  hydrolysis  of  I  in  presence  of  buffer 
**  k  rate  constant  for  hydrolysis  of  I  in  presence  of  polymer 

Although  the  effects  in  our  system  may  be  considered  a  mirror 
image  of  enzyme  action,  equation  (l)  may  be  developed  for  the 
polymer-ester  system.  Equation  (l)  may  be  rewritten  as 

P  +  Es  PEs  — ^  P  +  A  (2) 

KD 

P  «  i^olymer 

A  I  n 
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K 

D 

k  - 


HEs]  +  TEb] 


(3) 

(4) 


k  >  observed  rate  constant  for  hydrolysis  of  I  in  presence  of 
polymer 

k  >  observed  rate  constant  for  hydrolysis  of  I  In  presence 
®  of  buffer 

kw*  rate  constant  for  hydrolysis  of  I  In  the  polsnner  ester 
°  conqplex 

combining  (3)  and  (4) 

-  ‘S)  +  "V"  ■  (5) 


Equation  (s)  suggests  a  linear  relationship  between 
k,  and  a  function  of  the  measurable  quantities  k^^^  and  fpj. 
However,  to  test  equation  (5)  one  must  keep  and  k^  constant. 

To  accomplish  this  the  counterion  concentration  should  be 

kept  constant  and  large  In  comparison  to  the  polymer  concentration. 

The  pH  should  also  be  kepEconstant. 

Equation  (5)  was  tested  with  3/4  neutralised  copolyswr 
PAVNA  at  two  different  salt  concentrations  (Figures  2  and  3). 

The  results  fit  equation  (5)  well  If  the'  salt  concentration 
is  more  than  twice  the  polyiser  concentration.  As  one  would 
expect  for  electrostatic  binding,  the  dissociation  constant 
Increases  with  counterion  concentration  (counterions  compete 
with  the  ester  for  sites  on  the  polyanion).  Less  meaningful 
results  were  obtained  when  an  attempt  was  made  to  test 
equation  (3)  for  3/4  neutralised  PNA.  When  the  counterion 
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concentration  wka  adjusted  to  moiHe  than  twlde  the  polymer 
concentration  1^^-k  became  small  and^ subject  to  large  error. 

III.  The  itoplioatlon  of  Polyelectrolyte  Solution  Iheory  to 
the  Polymer«Bster  System. 

Since  the  inhibition  of  the  hydrolysis  of  I  by  polymer 
seemed  to  arise  from  electrostatic  interactions  it  was  thought 
that  polyelectrolyte  solution  theory  could  be  developed  to. 
account  for  this  effect.  Such  a  development  is  shown  below. 
The  rate  of  ester  hydrolysis  is  given  by 

Vg  .  k  <0H-^  <?•**> 

idiere  k  is  the  observed  rate  constant,  and  ^OlTyand 
are  the  bulk  average  eonoentratlom  of  hydroxide  ion  and 
ester  (I),  respectively.  The  velocity  of  the  reaction  may 
also  be  wi’itten  as 

Vn-k^  <OirxEs++>  (7) 

where  k^  is  the  intrinsic  rate  constant  for  the  hydrolysis  of 
the  ester  (k^  corresponds  to  the  rate  constant  observed  in 
buffer)  and  ^OIT  x  Bs'*^ls  the  product  of  hydroxide  ion 
and  ester  concentration  averaged  over  all  volume  elements. 
Bquating  (6)  and  (?)  and  rearranging 

<o]ry<SB**? 

^  "  <08*  X  Bs^ 

Pron  electrostatic  theory 


(6) 

<*s'> 


X 


(9) 
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where  le  the  of  hgrirdiqfi  i<j|hs,  c  i«  the 

eleotronlo  charge,  t  the  elec  trot  tli^ie  ildtehtial  Ih  a  vblume 
element,  and  t^roxlde  Ion  oonoentratlon  in  a 

volume  element  of  zero  eleetroetatlo  potential.  Alio,  for  the 
singly  and  doubly  ioniied  positively  oharged  species 


substituting  (lO)  into  (8)  we  obtain 


for  the  inhibition  factor.  It  may  be  seen  that  the  inhibition 
factor  depends  on  the  distribution  of  the  electrostatic 
I  potential  in  the  polyeleetrolyte  solution.  Aa  suggested  by 

Norawets^,  if  one  carries  out  experiments  with  reagents  of 
various  charge  types,  one  msy  obtain  a  mad>er  of  different 
volume  averages  of  the  eleotrostatio  potential  to  oharaeterise 
the  distribution  of  the  eleotrostatio  potential  in  the  polymer 
solution. 

To  simplify  the  situation  for  our  case  we  will  assume 
only  two  distinct  regions,  one  containing  the  polymer  and  the 
other  from  which  polymer  is  excluded.  This  is  equivalent  to 
postulating  that  the  eleotrostatio  potential  is  a  step  function 
with  only  two  values.  The  use  of  the  Donnan  theozy  of  poly¬ 
electrolyte  solutions  will  now  be  profitable.  A  piotorial 


I 


representation  of  this  thetitf  li  shown  In  Figure  4.  From 
the  assumption  of  electroneutrallty  inside  and  outside  the 
polymer  region  one  obtains 

S  -  So  (l-p)  +  pSoXl  (12) 


-  S/  (l-p)  +  pXl 

where 

S  >  bulk  average  salt  concentration 

So*  salt  concentration  outside  polyswr  region 


XI  -  ,  X©  -  1 

<p  m  voltime  fraction  occupied  by  polymer 
From  the  requirement  of  equal  chemical  potential  of 
the  mobile  Ions  Inside  and  outside  the  polymer  regions 
one  obtains 


^  p)  (13) 

where  p  ■  P/p  Is  the  concentration  charges  within  the  polymer 
region.  As  a  first  approximation 

Ss  So 

2 

Thus  SXj,  +  pX^-  SbO 


and 

X 


- 3 - 


(14) 


from  equation  11 


(pXi^+  l-p)(pXlt«l.p) 
+  1-p 


(15) 


Figure  4 


DONNAN  MODEL 


Conditions 

( I)  Electroneutrolity;  p+Sj"=S* 


S"= 


(2)EquQl  chemical  potential: 

srs,vf= 
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Equations  14  and  15  nay  be  used  to  pradlot  the  inhibition 
factor  In  terms  of  only  one  adjustable  parameter  p  (^P/p)* 
Equation  (15)  was  tested  by  conducting  experiments  at  constant 
fixed  charge  density*  This  was  accomplished  by  holding  the 
counterion  concentration  constant.  Prom  figure  5  It  may  be 
seen  that  equation  (15)  predicts  a  value  of  p  between  0.2  and 
0.3  for  counterion  concentrations  of  O.0367  and  0.0184M.  In 
the  calculation  of  the  deviation  of  S  from  was  taken 
Into  accotint  by  using  eq.  (12)  In  a  second  approximation. 

Straus  and  Ander^  have  pointed  out  that  the  thickness 
of  the  counter-Ion  atmosphere  around  highly  charged  polylon 
Is  small  compared  to  the  radius  of  curvature  of  the  polylon. 

We  may  therefore  picture  the  region  occupied  by  the  polylon 
and  its  counter- Ions  as  cylindrical.  Knowing  the  fixed 
charge  density  on  the  polylon  and  the  parameter  p,  we  may 
calculate  r,  the  radius  of  the  cylindrical  region  assigned 
to  the  polyelectrolyte.  In  this  manner  we  obtained 

p  -  0.2  r  -  34.5  A* 

p  -  0.3  r  -  28.1  A* 

According  to  Straus  and  Ander^  the  radius  of  a  poly¬ 
electrolyte  rod-llke  molecule  may  be  estimated  from  the  value 
of  the  Debye  shielding  length  for  a  1-1  electrolyte  multiplied 
by  a  factor  S,  which  is  close  to  one, 

For  a  counter-Ion  concentration  of  0.036?  N  at  2*0 
lA  -  16. OA*. 

(values  for  1/K  calculated  from  H.Hamed  and  B.B.Swen.The  Physical 
Chem.  of  Electrolytic  J^lutlons,  3rd  Ed.,Relngold,N  T.,1958, 
p.  68  eq.  3-1-5) 
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Figure  5 

Calculation  of  Inhibition  Foctor 
From  Donnon  Theory 
of  Polyelectrolyte  Solutions 
Polymer  PAA/mA,oc~  0.66,  pH=8.97 

Temp.  2X 

-.„ni  5=0.0367 
- o  S=  0.0184 
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For  a  counteMbn  conoantx^tlon  of  0.0184  at  2*0 

lA  -  2^.6 -A- 

These  values  agree  well  with  the  values  of  r  predicted 
from  the  value  of  pt  The  factor  S  needed  to  make  lA  equal  to 
Is  close  to  the  value  found  by  Strauss  and  Ander^. 

In  conclusion,  it  may  be  said  that  our  results  agree 
with  the  assusqptions  Involved  in  the  Donnan  theory  of  poly¬ 
electrolyte  solutions.  Not  only  are  the  results  represented 
by  a  theory  involving  a  single  adjustable  parameter,  bnt  the 
value  of  this  parameter  agreees  with  the  value  predicted 
from  the  Debye-Huckel  theory. 

Materials: 

Phenyl  2-bromoethanoate  was  prepared  by  reacting  phenol 
with  bromoaoetylbromlde  until  all  the  hydrogen  bromide  iras 
boiled  off.  The  product  was  vacuum  distilled  from  the  mlxtu.re, 
bvp;  80*C  at  2  mn.  On  cooling, the  product  solidified  m.p. 

31-32.  The  product  was  then  recrystallized  from  benzene- 

a  a  4 

hexane,  m.p.  32  C,  reported  m.p.  32  C. 

Bthylenebis  N,N-dimethyl  N-(phenyl)  cazHDoxymethyl- 
ammonlum  bromide  was  prepared  by  reacting  an  excess  of  phenyl- 
2-bromoethanoate  with  tetramethylethylenedlamlne  in  dry 
nltrome thane  at  room  teiqperature,  dec.  186*C« 

Anal.  Calc,  for  ®22**30®*’2**2®4*  48.36;  H,  5.53;  Br,  29*26; 

N,  5.124  Pound:  C,  48.35;  H,  5.62;  Br,  29*28,  N,  5.08. 
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Polymethacryllc  aold  was  made  by  polymerizing  120  ml 
of  methacryllc  acid  In  550  ml  of  methylethyl  ketone  containing 
0.35  g-  of  azoblalaobutyronltrlle .  The  reaction  was  carried! 
out  under  nitrogen  In  a  large  round  bottomed  flask.  The 
polymer  was  washed  repeatedly  with  ether. 

Polyvlnylmethylether  maleic  acid  copolymer  was  obtained 
by  hydrolyzing  In  water  at  50'*C  for  12  hrs.  a  polyvlnylmethyl¬ 
ether  maleic  anhydride  copolymer  obtained  from  General 
Aniline  and  Film  Corporation. 

Polyacryllc  acid  maleic  anhydride  1-1  copolymer  was 
obtained  by  polymerizing  21.6  ml  of  acrylic  acid  with  120  g 
of  maleic  anhydride  In  200  ml  of  methylethylketone  containing 
song  of  azoblslsobutyronltrlle  for  48  hours  at  60®C,  The 
polymerization  was  carried  out  under  nitrogen «  The  polymer 
was  precipitated  from  the  methylethyl  ketone  by  slowly  adding 
the  solution  to  an  excess  of  anhydrous  ether. 

Polyacryllc  acid  was  prepared  by  heating  at  60*C  for 
2  hours  100  ml  of  acrylic  acid  In  700  ml  of  benzene  containing 
500  mg  of  azoblslsobutyronltrlle.  The  reaction  was  carried  out 
under  nitrogen.  The  resulting  polymer  was  repeatedly  washed 
with  ether. 

Kinetics 

The  rate  of  hydrolysis  of  the  cationic  esters  I  and  II 
was  followed  by  observing  the  change  In  optical  density  at 
273  mu  (corresponding  to  the  appearance  of  phenol)  with  the 
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aid  of  a  Beckman  D.U.  spec trophotome ter i  Since  and  kg  could 
not  be  found  Independently,  three  methods  of  analysis  were 
devised  to  obtain  k^and  kg  from  the  rate  equation  and  the  ex¬ 
perimental  results. 

Method  (l)  -  k^  and  kg  from  Initial  and  Final  Slopes 
The  rate  equation 


gives  for  the  Initial  slope  $'‘-'0  y^^l 


dt 


lii 

2 


y 


for  the  final  slope 
t  0 


kj>  k-g 

d  In  y 
dt 


ki<  kg 


In  y  . 
dt 


y  —  0 


Method  (l)  Is  fast  and  fairly  accurate  for  Initial  slopes,  but 
subject  to  error  In  the  determination  of  final  slopes,  since 
small  errors  In  I>  will  cause  large  errors  In  the  determination 
of  the  final  slope. 

Method  (2)  -  Curve  fitting 

This  method  Involved  plotting  curves  of  In  y  versus  kgt 
on  log  paper  for  several  values  of  y.  Prom  the  experimental  data 
a  plot  of  In  y  versus  time  (t)  was  then  made.  Ihls  plot  was 
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overlayed  on  the  calculated  plot  and  moved  horliontally  until 
it  fit  over  one  of  the  calculated  curves.  The  value  of  y  was 
thus  obtained.  The  value  of  kg  was  obtained  by  dividing  any 
abscissa  value  on  the  theoretical  curve  by  the  corresponding 
value  on  the  experimental  curve.  The  value  of  k^  was  calculated 
from  kg  and  y. 

This  method  is  accurate,  but  time  consuming,  and  only 
worthwhile  if  one  has  to  calculate  many  rate  constants  with 
similar  values  of  y. 

Method  (3)  -  Modified  curve  fitting 

Prom  the  rate  equation,  curves  of  kgt  versus  y  for 
various  values  of  In  y  (O.l,  0.2,  0.3... 1.6)  were  made.  A  plot 
of  -m  y  versus  time  was  made  from  the  experimental  data.  Values 
of  -In  y  on  the  experimental  curve  were  chosen  to  correspond  to 
the  values  of  -In  y  for  which  curves  were  calculated.  These  values 
were  tabulated  along  with  the  corresponding  times.  The  times  were 
layed  off  as  distances  on  a  straight  line  with  the  use  of  the  log 
scale  on  the  semi  log  paper.  The  straight  line  was  held  parallel 
to  the  ordinate  and  overlayed  on  the  calculated  plot,  so  that 
each  point  on  the  overlay  was  on  the  theoretical  curve  of 
corresponding  In  y.  The  point  at  which  the  straight  line  cut  the 
x-axlB  gave  y,  and  an  ordinate  of  a  theoretical  curve  divided  by 
the  corresponding  value  of  the  time  on  the  overlay  gives  kg. 
kj  was  then  obtained  from  y  and  kg*  This  method  avoids  the 
interpolation  between  curves  (values  of  y)  involved  in  method  (2) . 
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Section  "C”  of  "Results  and  Discussions"  Is  Identldal 
with  a  paper  accepted  for  publication  by  the  Journal  of  Organic 
Chemistry. 

Papers  incorporating  the  results  summarized  In  the  other 
sections  are  being  prepared  and  will  be  submitted  to  appropriate 
journals  In  due  course. 
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Herbert  Morawetz«  the  supervisor  of  the  project,  has  been 
on  the  faculty  of  the  Polytechnic  Institute  of  Brooklyn  since 
1931*  He  was  assistant  professor  In  1951*33»  associate  professor 
1933-38  and  professor  of  polymer  chemistry  since  1958.  He  Is 
the  author  or  co-author  of  about  30  scientific  papers  In  the 
field  of  physical  chemistry  of  high  polymers. 

Jules  Shafer  carried  out  as  senior  reeeareh  fellow  all 
the  experimental  work  described  in  this  report.  He  has  a  B.S. 
degree  from  City  College  of  New  York  and  Is  expected  to  complete 
the  requirements  for  a  Ph.D.  degree  some  time  In  1962. 

Pablo  Bruschteln  was  enqployed  on  the  project  from 
Nov.  1,  i960  to  Aug. 31,  1961  as  a  senior  research  fellow.  His 
work  on  the  Interaction  of  optically  active  polymeric  acids 
with  optically  active  bases  was  Inconclusive  and  Is  not  Included 
In  this  report. 
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